. None of this research examines in detail the foraging activity or the pollinating efficiency of D. staudingeri.
The study of the foraging activity of Apis mellifera on the bitter leaf flowers have been made at Ngaoundéré by [17] . The honeybee, although recognized as the best pollinator [1] , has for some years been confronted with natural or man-made threats [18, 19] thus endangering this species. With the growing pressure on the environment, and the associated loss of honey bees, there is the need for additional pollinator species to be used in agriculture to maintain resilience in food production and yields improvement [20] . For this, the stingless bees have proved to be an alternative [21, 22] .
The general objective of this work is to contribute to the understanding of the relationships between V. amygdalina and D. staudingeri, for their optimal management. Specific objectives are to : determine the place of D. staudingeri in the V. amygdalina floral entomofauna ; study the activity of this stingless bee on florets of this Asteraceae ; evaluate the impact of the flowering insects including D. staudingeri on pollination and seed production of the bitter leaf ; estimate the meliponicultural value of V. amygdalina ; determine the pollination efficiency of D. staudingeri on V. amygdalina.
MATERIAL AND METHODS

Material
Study Site and Biological Material
The experiment was carried out from November 2016 to January 2017 and from November 2017 to January 2018 at Dang, during the flowering periods of V. amygdalina, within the experimental fields of the Unit for Apply Apidology (latitude: 7°42.264 N; longitude: 13°53.945 E; altitude: 1106 m a. s. 1.) of the Faculty of Science, University of Ngaoundéré. This region belongs to the high altitude Guinean savannah agro-ecological zone [23] . The climate is characterized by a rainy season (April to October) and a dry season (November to March), with an annual rainfall of about 1500 mm. The mean annual temperature is 22 °C, while the mean annual relative humidity is 70 % [24] . The vegetation was represented by crops, ornamental plants, hedge plants and native plants of savannah and gallery forests. The plant material was represented by V. amygdalina cultivated in the University Campus. The D. staudingeri individuals of the experimental station came from the nests located at the bee house of the Unit for Apply Apidology.
Methods
Determination of the Place of Dactylurina Staudingeri in the Floral Entomofauna of Vernonia Amygdalina
On 19 th December 2016, 240 V. amygdalina capitula from ten plants with florets at bud stage were labelled (24 capitula per plant) among which 120 were left unattended (treatment 1) and 120 were protected using gauze bags net to prevent insect visitors (treatment 2) [25] . Similarly, on 28 th December 2017, 240 V. amygdalina capitula with florets at bud stage were labelled (24 capitula per plant) among which 120 were left unattended (treatment 5) and 120 were protected using gauze bags net to prevent insect visitors (treatment 6).
From 20 th December 2016 to 8 th January 2017 and from 29 th December 2017 to 17 th January 2018, observations were made every day on capitula of treatments 1 and 5, at 6 -7 h, 8 -9 h, 10 -11 h, 12 -13 h, 14 -15 h and 16 -17 h. For each of these time slots, the different insects encountered on the blooming florets were counted [26] . Cumulative results were expressed as the number of visits [27] . Data on the frequency of visits of the various identified flowering insects have made it possible to determine the place of D. staudingeri in the anthophilous entomofauna of V. amygdalina. The frequency of visits of the insect i on V. amygdalina florets (Fi) was calculated using the following formula:
where Vi is the number of visits for insect i on unprotected capitula and Vt the number of visits of all insects on the same capitula [26] .
Specimens of all insect taxa, excluded Apis mellifera and D. staudingeri were caught using insect net on unlabeled capitula and conserved in 70 % ethanol, excluding butterflies that were preserved dry [28] , for subsequent taxonomic identification.
Study of the Activity of Dactylurina Staudingeri on the Florets of Vernonia Amygdalina
In addition to the determination of the flower visiting insect frequency, direct observation of the foraging activity of D. staudingeri on florets was made in the field. The floral products (nectar or pollen) sampled by this bee were noted during the same dates and time slots as for the duration of visits, based on its foraging behavior. Nectar foragers were expected to extend their proboscis to the base of the corolla and the stigma, while pollen gatherers were supposed to scratch the anthers with mandibles and legs [28] .
The duration of visits per floret was recorded during the following daily time frames: 7 -8 h, 9 -10 h, 11 -12 h, 13 -14 h, 15 -16 h and 17 -18 h. The abundances of foragers (highest number of individuals simultaneously in activity per floret, per capitula and per 1000 florets) [27] and the foraging speed (number of florets visited per minute) [29] were registered at the same dates and daily time frames as for the duration of visits. The abundances of foragers per floret and per capitula were noted following the direct counting. For the abundance per 1000 florets (A 1000 ), the number of individuals of D.staudingeri was counted on a known number of florets at the moment x. The abundance per 1000 florets was then calculated using the formula A 1000 = [(A x / F x ) *1000], where F x and A x are respectively the number of opened florets and the number of foragers effectively counted on these florets at time x [26] . The foraging speed (Fs) was calculated using the formula Fs = (Fl / du)* 60, where du is the duration (sec) given by a stopwatch, and Fl, the number of florets visited during du [26] . During each daily period of investigation, a mobile thermo-hygrometer installed in the shade, was used to register the temperature and the relative humidity of the station every 30 min, from 6 h to 18 h, during the entire flowering period [26] .
Evaluation of the Meliponicultural Value of Vernonia Amygdalina
The meliponicultural value of V. amygdalina was assessed using data on its flowering intensity and the degree of attractiveness of D. staudingeri foragers with respect to its nectar and pollen.
Evaluation of the Effect of Insects Including Dactylurina Staudingeri on Vernonia Amygdalina Production
In parallel to the constitution of treatments 1, 2, 5 and 6, 600 capitula with florets at bud stage were protected in 2016 and 2017, to form two treatments:
 Treatment 3 in 2016 or 7 in 2017: 400 capitula protected using gauze bag nets to prevent insect or any other organism visits and destined to be visited exclusively by D. staudingeri. As soon as the first florets were opened on each capitulum of treatments 3 and 7, the gauze bag was removed and this capitulum was observed for up to 10 minutes ; the capitula visited once by D. staudingeri was marked and then protected once more ;
 Treatment 4 in 2016 and 8 in 2017: 200 capitula protected using gauze bag nets and destined to be uncovered then rebagged without the visit of insects or any other organism. As soon as the first florets were opened on each capitulum of treatments 4 and 8, the gauze bag was removed and this capitulum was observed for up to 10 minutes, while avoid insect or any other organism visits.
At the maturity, achenes were harvested and counted from each treatment. The fruiting rate and the percentage of normal achenes were then determined for each treatment.
The evaluation of the effect of insects including D. staudingeri on V. amygdalina production was based on the impact of flowering insects on pollination, the impact of pollination on V. amygdalina fruiting, and the comparison of fruiting rate and percentage of normal (that is well developed) achenes of treatments 1, 2, 4, 5, 6 and 8. For each year, the fruiting rate due to the foraging insects including D. staudingeri (Fri) was calculated using the following formula :
, where FX and FY are the fruiting rates in treatment X (capitula left in free pollination) and treatment Y (capitula protected from all insect visits), and Eg the effect of the gauze bag net who can be calculated using the formula Eg = FY -FZ, where FZ is the fruiting rate in treatment Z (capitula protected then unbagged and rebagged without insect or any other organism visit).
The fruiting rate of a treatment (F) is F = [(b/a) * 100], where b is the number of achenes formed and the number of viable florets initially set [27] .
The impact of flower visiting insects including D. staudingeri on normal achenes was evaluated using the same method as mentioned above for the fruiting rate.
Assessment of the Pollination Efficiency of Dactylurina Staudingeri on Vernonia Amygdalina
The contribution of D. staudingeri in the fruiting rate and the percentage of normal achenes were calculated using data of treatments 3 and 4 for 2016 and those of treatments 7 and 8 for 2017.
For each observation year, the contribution of D. staudingeri in the fruiting rate (FrD) was calculated using the following formula:
where FD is the fruiting rate in treatment D (capitula visited exclusively by D. staudingeri) [30] .
The impact of D. staudingeri on normal achenes was evaluated using the same method as mentioned above for the fruiting rate.
Data Analysis
Data were subjected to descriptive statistics (means, standard deviations and percentages), Student's ttest for the comparison of the mean of two samples, Pearson correlation coefficient (r) for the study of association between two variables, chi-square (χ2) for the comparison of percentages and ANOVA (F) for the comparison of means of more than two samples using Microsoft Excel 2010.
RESULTS AND DISCUSSION
Place of Dactylurina Staudingeri in the Flower Entomofauna of Vernonia Amygdalina
Amongst the 2037 and 1772 visits of 25 Table 1 ). The weak frequency of the visit of D. staudingeri on V. amygdalina florets compare to that of A. mellifera could be explained by the strategies adopted by the honey bee that consist of recruiting a great number of workers for the exploitation of an interesting food source [31] . Besides, during our investigations, the number of honeybee colonies (76) in the study site was much higher than that of D. staudingeri (3). 
Activity of Dactylurina staudingeri on Vernonia amygdalina florets
On V. amygdalina florets, individuals of D. staudingeri were seen intensively collected the pollen (Figure 1 ). No nectar harvest visit was observed.
Figure1. Dactylurina staudingeri collecting pollen on a floret of Vernonia amygdalina
The strong attractivity of the pollen of this Asteraceae with respect to D. staudingeri could be partly explained by the availability and the quality of this food as well as the best time to harvest it at the level of the florets [31] .
Dactylurina staudingeri visits were numerous on V. amygdalina plants when the number of opened florets was highest ( Figure 2 ). Furthermore, we found a positive and highly significant correlation between the number of D. staudingeri visits and the number of V. amygdalina opened florets in 2016/2017 (r = 0.95 ; df = 15 ; P < 0.01) (Figure 2 , A) as well as in 2017/2018 (r = 0.45 ; df = 21 ; P < 0.05) (Figure 2, B ).
Figure2. Seasonal variation of the number of Vernonia amygdalina opened florets and the number of Dactylurina staudingeri visits on these organs in 2016/2017 (A) and 2017/2018 (B) at Dang
Dactylurina staudingeri was active on V. amygdalina florets from 6 h to 17 h in 2016/2017 and 2017/2018, with a peak of visits between 12 h and 13 h ( Figure 3 ). This daily period probably correspond to that of the highest availability of pollen on florets of this Asteraceae. Indeed, the period of daily activity of many flowering insects on a given plant species depends on the availability of pollen [32] or nectar [33] in its flowers.
Figure3. Variation of the number of Dactylurina staudingeri visits on Vernonia amygdalina capitula according to the daily time frames in 2016/2017 (A) and 2017/2018 (B) at dang
This activity could also be conditioned by some climatic factors [32] . In 2016/2017, the correlation was not significant between the number of D. staudingeri visits and the temperature (r = 0.81 ; df = 4 ; P > 0.05) and between the same number of visits and the relative humidity (r = -0.83 ; df = 4 ; P > 0.05) (Figure 4, A) . Equally, in 2017/2018, the correlation was not significant between the number of D. staudingeri visits and the temperature (r = 0.90 ; df = 4 ; P > 0.05) and between the same number of visits and the relative humidity (r = -0.94 ; df = 4 ; P > 0.05) (Figure 4, B) . The high abundance of D. staudingeri individuals per 1000 florets, and the positive and significant correlation between the number of V. amygdalina florets and the number of D. staudingeri visits, highlight the attractiveness of V. amygdalina pollen for D. staudingeri. This could be explained by the availability and the accessibility of this floral product. As has been pointed out for Trigona iridipennis, D. staudingeri could be able to recruit a great number of workers for the exploitation of a good food source [34] . . The difference between these two means is highly significant (t = 10.13 ; df = 132 ; P < 0.001). This difference would be explain by the accessibility and availability of pollen or the distance separating the flowers visited during the various foraging trips. For the two cumulated years, the mean foraging speed was 18.48 florets per minute.
Meliponicultural Value of Vernonia Amygdalina
During the flowering period of V. amygdalina, we noted a well elaborated activity of D. staudingeri foragers at the level of its flowers: high abundance of workers per 1000 florets, good daily and seasonal frequency of visits, good pollen harvest and fidelity of the foragers to the florets during foraging bouts. These data highlight the good attractiveness of the pollen and the unattractiveness of the nectar of this plant for D. staudingeri. Therefore, V. amygdalina is a highly polliniferous stingless bee plant. This Asteraceae could thus be grown to help stabilize D. staudingeri colonies during the dry season and increase pollen production as a stingless bee hive product.
Impact of Flowering Insects Including Dactylurina Staudingeri on Vernonia Amygdalina Production
During nectar or pollen harvest on V. amygdalina, foraging insects always shook florets and regularly contacted anthers and stigma, increasing self -pollination and/or cross -pollination possibilities of this plant species. ; P < 0.001). Two -to -two comparisons showed that the difference observed is highly significant between treatments 1 and 2 (χ 2 = 791.29 ; df = 1 ; P < 0.001) as well as between treatments 5 and 6 (χ 2 = 592.58 ; df = 1 ; P < 0.001).
Consequently, in 2016/2017 and 2017/2018, the fruiting rate of exposed capitula (treatments 1 and 5) was higher than that of capitula bagged during their flowering period (treatments 2 and 6). .08 % and 37.57 % in treatments 1 to 8 respectively. The differences between these eight percentages are highly significant (χ 2 = 4438.37 ; df = 7 ; P < 0.001). Two -to -two comparisons showed that the difference observed was highly significant between treatments 1 and 2 (χ 2 = 83.61 ; df = 1 ; P < 0.001) as well as between treatments 5 and 6 (χ 2 = 69.03 ; df = 1 ; P < 0.001). Hence, in 2016/2017 and 2017/2018, the percentage of normal achenes from exposed capitula was higher than that from capitula bagged during their flowering period. 
Pollination Efficiency of Dactylurina Staudingeri on Vernonia Amygdalina
During pollen harvest on the bitter leaf florets, workers of D. staudingeri always came into contact with anthers and stigma, increasing the possibilities of V. amygdalina pollination. With this pollen, they flew frequently from floret to floret. The percentage of the total number of visits during which forager bees came into contact with the stigma of the visited florets was 90 % in 2016/2017, 95 % in 2017/2018 and 92.5 % for the two cumulated seasons.
The fruiting rate due to D. staudingeri was 68.82 % in 2016/2017, 62.43 % in 2017/2018 and 65.62 % for the two cumulate years. The difference was highly significant between treatments 3 and 4 (χ 2 = 80.88 ; df = 1 ; P < 0.001) as well as between treatments 7 and 8 (χ 2 = 28.11 ; df = 1 ; P < 0.001). Hence, in 2016/2017 and 2017/2018, the fruiting rate of capitula protected and visited exclusively by D. staudingeri was higher than that of capitula protected, uncovered and re-protected without insect or any other organism visit. The percentage of normal achenes due to D. staudingeri was 51.79 % in 2016/2017, 56.08 % in 2017/2018 and 53.93 % for the two cumulate years. The difference was highly significant between treatments 3 and 4 (χ 2 = 48.50 ; df = 1 ; P < 0.001) as well as between treatments 7 and 8 (χ 2 = 49.98 ; df = 1 ; P < 0.001). These results pointed out that capitula visited by D. staudingeri have the highest number of normal achenes compare to those protected then uncovered and rebagged without the visit of insect or any other organism. In 2016/2017, the numeric contribution of D. staudingeri via a single floret visit were 23.11 % for the fruiting rate and 32.78 % for the percentage of normal achenes. In 2017/2018, the corresponding figures were 16.34 % and 33.01 % respectively. For the two cumulate years, the numeric contribution of D. staudingeri on the fruiting rate and the percentage of normal achenes were 19.72 % and 32.89 % respectively.
CONCLUSION
From our observations, Vernonia amygdalina is a plant species that highly benefits from pollination by insects among which Dactylurina staudingeri is one of the most important and harvested pollen. The comparison of achenes production of capitula visited exclusively by D. staudingeri with that of the capitula protected from insects then uncovered and reprotected without the visit of insect or any other organism underscores the capacity of this stingless bee in increasing fruits production as well as achenes quality. Data on the foraging activity of D. staudingeri enable the classification of V. amygdalina among the highly polliniferous stingless bee plant. Thus, V. amygdalina plant could be grown or protected to increase pollen production as a stingless bee hive product and stabilize D. staudingeri colonies during the dry season.
